Background. The effect of valve deformity and patient age adversely affect the results of percutaneous transvenous mitral commissurotomy (PTMC) with conventional balloons.
double-balloon catheter valvuloplasty and surgical commissurotomy have been less optimal in patients with severe valve apparatus deformity. [13] [14] [15] [16] [17] [18] [19] [20] Patients with thin, pliable leaflets and no evidence of significant subvalvular disease have been considered ideal for commissurotomy, whereas those with thickened, calcified, rigid leaflets and severe subvalvular thickening have been treated with valve replacement.
The Inoue balloon catheter is a novel singleballoon device constructed of latex with a nylon mesh to limit its inflated size and shape. In contrast to single or double conventional balloons, this device has a unique geometry. The importance of balloon characteristics, such as shape, for the outcome of balloon valvotomy, especially when significant valve deformity is present, is not known. The present report describes results of the Inoue PTMC device both in general and with respect to the influence of the degree of valve deformity on the immediate results of the procedure.
Methods Patients
One hundred sixty-two patients underwent catheterization for PTMC. Thirty-four were male, and 128 were female. Seventy-six percent were caucasian, 10% were black, 5% were Hispanic, 5% were oriental, and 3% were other racial groups. Mean patient age was 52±+14 years. Fifteen percent of patients were of New York Heart Association functional class IV, 57% were of class III, 26% were of class II, and 2% were of class I. The class IV patients tended to be older with a mean age of 58±+17 years (p=NS).
Inclusion criteria included symptomatic mitral stenosis, mitral valve area of 1.5 cm' or less, and informed consent. Exclusions included mitral regurgitation of more than 2+/4 on left ventriculography, associated significant aortic stenosis or regurgitation, active endocarditis, or contraindications to transeptal puncture (e.g., left atrial thrombus). All patients gave informed consent according to protocols approved by each contributing center's institutional review board.
Mitral Valve Echocardiographic Scoring
Patients were categorized as having more or less severe valvular and subvalvular disease according to an echocardiographic scoring system currently in common use. 13 Leaflet rigidity, leaflet thickening, leaflet calcification, and subvalvular thickening were each stratified from 0 to 4, with 4 representing the most diseased condition. Higher scores indicated more severe disease, and a maximum score of 16 was possible. All centers participating in this investigation used the same scoring system.
Valve Dilatation
All patients had two-dimensional and Doppler echocardiography, coronary arteriography, and left ventriculography performed before PTMC. Mitral valve dilatation was accomplished via the transeptal antegrade approach. Transeptal puncture was performed with a Ross or Brockenbrough needle and a Mullin sheath introduced from the right femoral vein. Baseline hemodynamic and cardiac output determinations were recorded. Cardiac output was determined by the Fick method in 31% of patients, thermodilution in 66%, and green dye curves in 3%. Maximal nominal inflated balloon diameter was selected according to the patient's height (26-mm balloon for patients 160 cm or less, 28-mm balloon for patients 160-180 cm, and 30-mm balloon for patients more than 180 cm). The balloon size was calibrated using test inflations before insertion into the patient. Inflations with small volumes of dilute contrast could thus be made beginning at a balloon diameter 3-4 mm smaller than nominal. A specially designed 175-cm-long, 0.025-in.-diameter spring-tip guide wire was then passed through the Mullin sheath into the left atrium. The Mullin sheath was removed over the wire, and a 14F dilator was advanced over the guide wire and through the atrial septum to enlarge the passage. The Inoue balloon catheter, in its elongated and low profile configuration, was then exchanged for the dilator and advanced across the interatrial septum and into the left atrium. The distal portion of the balloon was inflated with a small volume of dilute contrast; this ensures that it will not pass among chordal structures during passage from the left atrium to the left ventricle. With the aid of a preformed stylet, the balloon was manipulated into the left ventricle ( Figure 1 ). With the balloon in the left ventricle, the distal portion of the balloon was inflated with a large syringe attached to the proximal portion of the catheter outside of the femoral vein, and the balloon was withdrawn to fit against the mitral valve. The remainder of the balloon was then inflated, causing enlargement of the mitral orifice (Figure 1) . Finally, the balloon was deflated. The entire cycle of inflation, positioning, and deflation lasted approximately 5-10 seconds. The first inflation was performed to a balloon diameter of 3-4 mm less than nominal, followed by successive inflations by 0.5-2-mm increments to the maximum balloon diameter. After each balloon inflation, the balloon catheter was withdrawn into the left atrium, and the transmitral gradient was immediately reassessed. A Before PTMC, 24% of patients had a mitral valve area of less than 0.8 cm2, 54% had an area of less than 1.0 Cm2, and 79% had an area of less than 1.2 cm2. After dilatation, 69% of patients had a resultant valve area of 1.5 cm2 or more, and 78% had an area of more than 1.2 cm2. Table 1 shows patients with echocardiographic scores of 8 or less compared with those with echocardiographic scores of more than 8. Echocardiographic scores were available in 146 patients; those with higher echocardiographic scores were significantly older. There were no significant differences in the pre-PTMC valve area, post-PTMC valve area, or percent increase in valve area after the procedure ( Figure 2 ). Echocardiographic scores may have some subjectivity despite the well-developed scoring system used. Therefore, patients were also divided by age. The correlation between echocardiographic score and age was 0.52 (p<O.O1) ( Figure 3 ). In addition, when echocardiographic score and age were considered as continuous variables, there were weak correlation coefficients between the increase in mitral valve area and echocardiographic score (r= -0.04) and between the increase in mitral valve area and age (r= -0.16) (Figure 4) .
Valve deformity has also adversely affected the occurrence of mitral regurgitation after mitral commissurotomy. Ninety-two percent of patients in this series had 0 or 1+/4 mitral regurgitation before PTMC, and 77% had 0 or 1 + mitral regurgitation after dilatation (Table 3) . Sixty-six percent had no increase in mitral regurgitation, and 22% had an increase of one grade. Eleven percent had an increase of two or more grades. In one of these patients, emergency mitral valve replacement was necessary; in three others, valve replacement was performed weeks after the procedure.
When patients with echocardiographic scores of 8 or less were compared with those with scores of more than 8, there was no significant difference in the number of The occurrence of mitral regurgitation after PTMC has not been as clearly influenced by the presence of subvalvular disease.32 In the present study, the majority of patients had 0 or 1+ mitral regurgitation both before and after PTMC. An increase of 2+ or greater mitral regurgitation was noted in 16 of 162 patients (10%). Fourteen of these patients had an echocardiographic score of 8 or less (Table 3) , and 10 were less than 60 years old (Table  2) . Thus, the incidence of mitral regurgitation does not appear to be greater among patients with more severe valve deformity after PTMC. Interestingly, three patients were judged to have a decrease by one grade in mitral regurgitation after PTMC. Although it is likely that differences in loading conditions and ventriculographic technique account for the difference in observed mitral regurgitation, it is also possible after commissurotomy for there to be better coaptation of the valve leaflets and a decrease in degree of regurgitation.
The relation between PTMC outcomes and the degree of valve deformity is in large part dependent on the accuracy of assessment of the valve characteristics. The echocardiographic score is well described and currently represents the most common standard for evaluation of leaflet deformity and subvalvular disease. However, this index requires some subjective evaluation. The echocardiographic scores reported by this group of investigators represent the spectrum of interpretation seen in a variety of centers. Assuming that greater valvular involvement occurs with age, the use of age to segregate patients is another manner in which the degree of valve deformity may be considered. Patients under age 60 had significantly lower echocardiographic scores than those over age 60, which is in keeping with the expected progression of valve deformity as age increases. Patients over age 70 had echocardiographic scores greater than those over age 60 and similar to those of patients with scores of more than 8. In addition, they had significantly higher New York Heart Association functional class. There still was no difference in the resultant mitral area or in the increase in mitral area among these older patients. Because the findings in patients separated by age parallel those when patients are separated by echocardiographic scores, the limitations of the subjective echocardiographic score are not likely to influence the interpretation of these results.
Although the immediate results of dilatation with the Inoue device among patients with significant valve deformity appear to be acceptable, the longterm durability of dilatation for these patients remains to be determined. It is likely that restenosis will occur with a higher frequency among patients with severe valve deformities. 33 The definition of success after PTMC may be better characterized by long-term clinical status than by any arbitrary immediate post-PTMC valve area. In addition, success may be defined differently for patients ideally suited for commissurotomy than for those unsuitable for valve surgery and poorly suited for PTMC. The occurrence of restenosis and the functional results of dilatation may be more related to valve characteristics,34 whereas the early results may be influenced by balloon characteristics. 30 It is remarkable that significant increases of 2+ or more in mitral regurgitation occurred almost entirely in patients with low echocardiographic scores ( Table   3 ). As has been suggested previously, the worsening of regurgitation may depend on localized changes in very specific portions of the mitral leaflets or chordae tendinea that cannot be characterized by a description of the degree of overall valve deformity.32 Not only was echocardiographic score not clearly associated with changes in mitral regurgitation in the present study, but in addition the number of balloons that were overinflated and the number of balloon inflations (Table 4) were no different in patients with severe valve deformity. The occurrence of mitral regurgitation during valvuloplasty appears to be an unpredictable event and may even be more common in younger patients with less-deformed valves. One important consideration is that by using stepwise inflations with the Inoue balloon catheter and evaluating mitral regurgitation with color Doppler after each inflation, it is possible to stop before mitral regurgitation becomes even worse. 35 Although the appearance of late restenosis appears significantly related to the degree of valve deformity, neither the immediate results of balloon dilatation nor the occurrence of mitral regurgitation appears to be as clearly related.
Study Limitations
Echocardiographic scores were reported by each investigating center independently. These evaluations were unblinded and represent a variety of institutions. It is likely that differences in scoring occurred among different investigators. Stratification by age was used as an additional method with which to assess the degree of valve deformity. As seen in Figure 3 , there is a significant correlation between age and echocardiographic score.
It is important to emphasize that the results reported here reflect immediate post-PTMC outcome. The durability of valvotomy is not likely to be different than that with other forms of commissurotomy and will require long-term evaluation.
